We summarize how to obtain protein crystals from which better diffraction images 13 can be obtained. In particular, the quality evaluation of the protein sample, the crystallization 14 method and crystallization conditions, the freezing protection of the crystal, and the 15 crystallization in the microgravity environment are described in detail. 16
estimated molecular weight is equal to the integral multiple of its own molecular weight with a 147 narrow distribution, and there are no large sized particles (mono-modal distribution) [16] . In many 148 cases, samples in which the distribution width of its radius is in the latter half of 20% will give good 149 crystals ( Figure 6a ). X-ray crystallographic analysis shows that the maximal size of a protein molecule
150
of about 50kDa (450 aa) is 4 to 5 nm. If on the analysis of the DLS measurement, a particle, whose size 151 is more than 50 nm emerges, the possibility that protein molecule will form irregular aggregates must 152 be considered. From our experience, it is difficult to obtain crystals from such a sample (Figure 6b ).
153
(a) (b) 
198
In general, anions and cations have various effects other than simply reducing solubility.
199
Therefore, determining a proper salt for crystallization is accompanied by some difficulties.
200
 Polymers-high molecular weight polymers, for example, polyethylene glycol (PEG). The 201 mechanism of reducing solubility is explained as an excluding volume effect [1] . In general,
202
the preferable molecular weight of PEG is related to the target protein [19] , although a 
207
 Organic solvents-alcohol, for example, 2-methyl-2,4-pentanediol (MPD), isopropanol, etc.
208
The mechanism is explained as reducing the dielectric constant of the solution [1] . Some
209
hydrophobic proteins sometimes prefer organic solvents.
210
In general, these precipitants are used in significantly higher concentration, such as several tens
211
of weight per volume percentage.
212
In addition to these main precipitants, some amounts of additives are frequently used. They are 213 summarized in Table 1 .
214
In the case of a crystallization solution consisting of a large number of components, it is quite 
224
A few heuristics are as follows.
225
 In the case of PEG, as the concentration increases, the number of generated crystals 
228
Further, in a state where the nucleation formation probability is lowered, the degree of 229 supersaturation is high, so that secondary nucleation on the crystal surface is likely to occur 230 and cluster crystals are likely to be formed. 
243
The batch method is the oldest and the simplest method for protein crystallization [25] . 
283
It is necessary to consider the correlation between this diffusion time course and the crystallization 284 start time on the phase diagram when studying the crystallization condition.
285
The component with the smaller molecular weight diffuses quickly and the component with the 
290
In the CD method, usually, the volume of the reservoir is much larger than the capillary content, can be suppressed, which is preferable. There are not many researchers using the CD method.
301
However, having a good understanding of the mechanism as described above when setting 302 crystallization conditions is a good way to obtain crystals with more optimal crystallization 303 conditions than other methods.
304
We have obtained a lot of fine crystals with the CD method. Some of the crystals grown in 305 capillaries are shown in Fig. 7 . 
Dialysis method

314
The dialysis (DL) method replaces the components coexisting with the protein sample into the Figure 8 .
324
There are not many researchers using the DL method. However, having a better understanding of 325 the mechanism above when setting conditions, as in the CD method, is a good way to set more 326 optimal crystallization conditions. 
Improvement of crystal quality
333
When there are some issues in the crystallization, we consider the following possibilities.
(a) (b)
method, it should be noted that the components contained in the protein sample are concentrated
340
like the reservoir components during crystallization.
Often many, but small crystals are obtained or a crystal is extremely difficult to obtain. In 343 general, the three-dimensional nucleation probability in crystallization is expressed by the following 
348
As can be seen from this equation, the probability of three-dimensional nucleation becomes 
Growing large crystals
394
Today, a crystal of 1 mm 3 or more is necessary for neutron diffraction experiments [36] .
395
Compared to crystals for general X-ray diffraction experiments, one side is 10 times or more larger,
396
creating a bottleneck.
397
In order to obtain large crystals, it is necessary to find a condition in which the number of crystals 
405
The authors succeeded in producing lysozyme crystals with a long side of about 1 mm using the
406
DL method in a capillary in which a dialysis membrane was attached to a gel tube (Figure 8a) [39].
407
The crystallization condition was optimized by using a three-dimensional phase diagram in which 
538
The authors devised a numerical calculation model to understand the crystal growth process
539
closer to actual crystallization [56] . For the sake of simplicity, partial differential equations describing 540 both the diffusion process in the virtual sphere and the crystal growth process in the center of the 541 sphere are described.
542
By applying various constants of the crystallization process of lysozyme to this model, the 543 impurity concentration is low in the portion close to the center in the crystals grown in microgravity,
544
and on the contrary, in the peripheral portion, the impurity concentration is higher than the crystals 545 grown on the ground [56, 57] . In this simulation, β is set to a constant value, but, in reality, β increases 546 as the impurity concentration decreases as described above. In fact, based on the results of the in-situ 547 observation of the NanoStep project by Tsukamoto et al. [58] , in the microgravity environment where
548
IDZ is formed, as the impurity concentration decreases, it was shown that the crystal growth rate 549 became faster than in the terrestrial environment and β became large. Therefore, the effect of PDZ
550
and IDZ seems to be further enhanced in microgravity. From this result, it is suggested that there is 
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